Crab waste preserved with .2% NaOCl was mixed with wheat straw, liquid molasses, and water (32:32:16:20, wet basis) and ensiled for a minimum of 8 wk with microbial inoculant. A reduction in pH and water-soluble carbohydrates (WSC) and a higher concentration of lactic acid (4.9%, DM basis) were achieved. The trimethylamine (TMA) concentration in the silage was 11.2 mg N/100 g. In a digestion trial, 18 crossbred wethers (43 kg) were fed three diets: 1 ) basal, 2 ) a 50:50 mixture, DM basis, of basal and crab waste-straw silage, and 3 ) 100% crab waste-straw silage. Apparent digestibility of DM, OM, CP, energy, NDF, ADF, cellulose, and hemicellulose decreased linearly ( P < .01) with increased levels of crab waste-straw silage. Nitrogen retention increased linearly ( P < .05) with level of crab waste-straw silage. Apparent absorption was higher ( P < .01) and retention was positive ( P < .05) for Ca, Mg, Na, K, Cu, and Fe for sheep fed the highest level of crab waste-straw silage. In a 108-d trial, 30 yearling steers were fed diets in which crab waste-straw silage was included in the diet at 0, 15, and 26%, DM basis. Average daily gain tended to be highest (linear effect, P < .15) and carcass weights were highest (linear effect, P < .05) for steers fed 26% crab waste-straw silage. Average carcass quality grade was low Choice, and yield grade averaged 2.3, with no significant differences among treatments. Consumption of crab waste-straw silage did not adversely affect the taste of the meat. Results indicate that feeding crab waste-straw silage did not adversely affect nutrient utilization or performance of ruminants.
Introduction
Disposal of waste is a major problem in the crab processing industry. In Virginia and Maryland, about 41 × 10 6 kg of crabs were harvested in 1989 (National Marine Fisheries Service, 1990) . Crab processing waste amounts to 90% of the total catch (Brinsfield, 1980) . The waste can be processed into crab meal, which can be incorporated into livestock diets (Lovell et al., 1968; Patton et al., 1975; Brundage et al., 1981) . Patton et al. (1975) fed Holstein calves crab meal, up to 20% of the diet, and found no reduction in daily gain or feed efficiency. Brundage et al. (1981) reported milk production in lactating cows fed King crab meal at 2% of the concentrate comparable to that noted when soybean meal was fed. In other species, reduced weight gains were reported (Parkhurst et al., 1944; Watkins et al., 1982) .
Limited research has been conducted on feeding of ensiled crab waste to ruminants. Samuels et al. (1991) observed higher DM and OM digestibility in sheep fed silage containing 60% crab waste than in those fed silage containing 40% crab waste. Abazinge et al. (1994a) observed increased digestibility of DM and CP in crab waste-straw mixtures ensiled with 20% molasses, compared to a mixture ensiled with 16% acetic acid. Apparent absorption and retention of Ca, P, and Na were higher when sheep were fed crab waste silage containing 60% crab processing waste than when they were fed silage containing 40% crab processing waste (Samuels et al., 1991) . The objective of this study was to evaluate the effect of feeding different levels of crab waste-straw silage on nutrient utilization, performance, and carcass characteristics of ruminants.
Materials and Methods
Crab waste was obtained from a processing plant (Graham and Rollins, Hampton, VA) where the meat was hand-picked from blue crabs ( Callinectes sapidus) . The waste was crushed as it passed through a semivertical auger into a horizontal mixer, was treated with .2% sodium hypochlorite (NaOCl) as a preservative, and transported about 450 km for ensiling. The treated waste, straw, liquid molasses, water (32:32:16:20, wet basis), and a microbial inoculant ( Streptococcus faecium and Lactobaccillus plantarum; Pioneer Hi-Bred International, Des Moines, IA) were mixed in a horizontal mixer. The mixture was packed into a large (2.4-× 30.5-m) polyethylene silo bag (Silopress, Sioux City, IA) and allowed to ensile for a minimum of 8 wk before the digestibility and performance trials began. The straw used in this study was ground in a tub grinder through a 2-cm screen.
Initial and final samples were taken for DM (AOAC, 1984) and trimethylamine ( TMA) determinations (Dyer, 1959) . Samples (approximately 25 g ) were mixed with 225 mL of distilled water and homogenized in a Waring blender at full speed for 2 min. The homogenate was filtered through four layers of cheesecloth, and the extract was used for determining pH (electrometrically), lactic acid (Barker and Summerson, 1941 , as modified by Pennington and Sutherland, 1956) , and water-soluble carbohydrates ( WSC; Dubois et al., 1956 , as adapted to corn plants by Johnson et al., 1966) .
Digestion Trial. Wethers ( n = 18; 1/2 Dorset × 1/4
Finn sheep × 1/4 Rambouillet) with an average BW of 43 kg were assigned to six blocks of three animals each based on BW and origin. Sheep within each block were randomly allotted to the following diets: 1 ) basal (31.2% orchardgrass hay, 63.2% corn grain, 4.6% soybean meal, and 1.0% limestone, DM basis), 2 ) 50: 50, DM basis, of basal diet and crab waste-straw silage, and 3 ) 100% crab waste-straw silage. After the allotment, all animals were treated for internal parasites with Ivermectin (MSDAGVET, Div. of Merck & Co. Rahway, NJ) and given 500,000 IU of vitamin A and 75,000 IU of vitamin D intramuscularly. The sheep were fed 10 g of salt daily.
The sheep were placed in metabolism stalls, similar to those described by Briggs and Gallup (1949) , which allowed for separate collection of urine and feces. A 5-d adaptation period to the stalls was followed by a 10-d transition to the experimental diets. Test diets were fed during a 10-d preliminary period followed by a 10-d period during which total fecal and urinary excretions were collected. Water was provided except during the 2-h feeding periods at 0430 and 1630. Lambs were fed 800 g DM/d.
Samples of feed were obtained at each feeding from 2 d before the beginning until 2 d before the end of the collection period. The silage samples were frozen immediately in double-thickness plastic bags and composited at the end of the trial. Feces and urine were collected each morning. Feces were dried in a forced-draft oven at a maximum of 60°C for a minimum of 24 h. For each animal, the dried feces were composited in metal cans, which were loosely covered to allow moisture equilibration. At the end of the trial, fecal composites were weighed, mixed, and subsampled. Urine was collected in plastic jars containing 15 mL of a 1:1 (wt/wt) solution of concentrated H 2 SO 4 and H 2 O and approximately 500 mL of H 2 O. Each daily collection of urine was diluted to a constant weight with water, and a 2% sample by volume was taken and placed in tightly capped bottles and refrigerated. The samples were subsampled at the end of the trial and frozen for N and mineral analyses. At the end of the trial, ruminal ingesta samples were collected 2 h after feeding via a stomach tube with a metal strainer, and blood samples were taken 6 h after feeding by jugular puncture.
Silage samples were dried in a forced-draft oven at a maximum of 60°C. Samples of the dried diets and feces were ground in a Wiley mill and analyzed for DM, ash (AOAC, 1984) , NDF (Van Soest and Wine, 1967) , ADF (Van Soest, 1963) , lignin, and cellulose (Van Soest and Wine, 1968) . Hemicellulose was determined by difference (NDF minus ADF). Gross energy was determined with the use of an adiabatic bomb calorimeter. Nitrogen was determined (AOAC, 1984) on feeds (wet samples for silages), dry fecal samples, and urine. The ruminal ingesta was strained through four layers of cheesecloth, and the filtrate was used for determination of pH. A 5-mL aliquot was added to tubes prepared for ruminal NH 3 N determination (Chaney and Marbach, 1962) . Another 5-mL aliquot was added to tubes containing 1 mL of metaphosphoric acid and 4 mL of internal standard for VFA determination (Varian 6000 gas chromatograph, column packed with 10% SP-1200/1% H 3 PO 4 on 80/ 100 chromosorb WAW). Blood urea N was determined with the method of Coulombe and Favreau (1963) .
Feeds and fecal samples were digested with a 3 to 1 (vol/vol) mixture of HNO 3 and HClO 4 (Hern, 1979) . The serum and urine samples and digested feed and feces were analyzed for Ca, Mg, Zn, and Cu by atomic absorption and for Na and K by emission spectrophotometry. Lanthanum chloride was included for Mg and Ca analyses to prevent interference from P. The samples were analyzed for inorganic P by the colorimetric method of Fiske and Subbarow (1925) .
Performance Trial. Eight Angus and 22 Angus ×
Hereford crossbred steers (average BW = 377 kg) were blocked according to breeding and weight and were randomly allotted to six pens of five cattle each. The pens were allotted at random to diets calculated to contain 0, 15, and 30% crab waste-straw silage, DM basis. The actual percentages were 0, 15, and 26%, respectively (Table 1) . Crab waste-straw silage was substituted for protein supplement and roughage, and corn grain was adjusted to maintain similar levels of CP and available energy ( Table 1) . The steers were housed in pens in an open-front shed equipped with automatic waterers, and block iodized salt was provided. Before the introduction of the test diets, the steers were treated with Ivermectin. The silage and dry ingredients were mixed at feeding time to avoid selection by the steers.
At the beginning and end of the trial, the steers were weighed twice, and once every 2 wk during the trial before the morning feeding. The two successive weights obtained at the beginning and at the end of the trial were averaged for the initial and final BW. The trial was conducted for 108 d, after which the steers were slaughtered and carcass characteristics were obtained.
Visual, Cooking, and Sensory Evaluation. Carcasses from each treatment were evaluated independently by a trained panel of four for those criteria normally observed at the point of purchase using the procedure modified by Boling et al. (1990) . These visual criteria included texture, firmness, and color of lean (Anonymous, 1982) , quantity of exudate, and characteristics and color of fat.
Rib roasts from the sixth to eighth ribs of each carcass were cooked in a preheated 165°C oven (Hotpoint Model No. 321HNF206) to an internal temperature of 70°C (Anonymous, 1978) . After cooking, the longissimus muscle from each animal was cut across the grain into 1.9-cm-thick slices. Each slice was placed in a Plexiglas container approximately 11.5 cm long × 11.5 cm wide × 2.5 cm deep. The container had six slots on each side spaced 1.3 cm apart. A sharp knife was used to cut across the meat in each direction to yield sections approximately 1.3 × 1.3 × 1.9 cm. Meat from each animal was randomly assigned within day to plate position and served at 65°C. Before the first evaluation, orientation sessions were held to familiarize the 26 experienced taste panel members with their respective score sheets, descriptive terminology, and various levels of test characteristics (Rainey, 1979) . All panelists performed blind multiple comparison evaluations as described by Kramer and Twigg (1970) . The meat samples were scored according to flavor, juiciness, and mouthfeel on an 8-point hedonic scale.
Statistical
Analyses. The data were tested with analyses of variance with the GLM procedure of SAS (1982) . For the digestion trial, block and treatments were included in the model and the treatment effect was tested with linear and quadratic contrasts. Linear and quadratic contrasts were made for the performance trial. Pen means were used for analysis of feed intake and feed efficiency. The scores of each individual panelist that participated in visual, cooking, and sensory evaluation were used for the statistical analysis.
Results and Discussion
Chemical Composition. The chemical composition of the crab processing waste was 36.3% DM, 44.2% CP, and 36.8% ash (DM basis, except for DM). The DM of the silage was 53.2%, pH was 6.5, and concentration of TMA was 11.2 mg N/100 g. Water-soluble carbohydrate concentrations were 13.9 and 1.5%, DM basis, before and after ensiling, respectively. The large reduction in WSC indicated extensive fermentation, perhaps due to the buffering capacity of the material. Similar results were reported for a crab waste-straw mixture with 20% added molasses (Abazinge et al., Apparent Digestibility. Apparent digestibility of DM, OM, CP, energy, NDF, ADF, cellulose, and hemicellulose decreased linearly ( P < .01) with increases in the level of crab waste-straw silage fed to the sheep (Table 3 ). There were quadratic effects ( P < .01) also for OM, NDF, and hemicellulose. However, differences in apparent digestibility of CP were small (64.9, 61.5, and 59.2%). The digestibility values for crab waste-straw silage observed in this experiment were lower than those reported previously (Abazinge et al., 1994a) . The lower digestion coefficients for DM, OM, and energy for animals receiving 100% crab waste-straw silage may be the result of a combination of more indigestible fiber contributed by the straw and the high levels of chitin and ash in crab waste. Lovell et al. (1968) and Lubitz et al. (1943) reported that a high level of Ca in shellfish waste lowered the available energy in rats and chickens, respectively. In the present study, the value for DM digestibility was 50%, calculated by difference when 50% silage was fed, compared with 44% when 100% silage was fed. The higher digestibility of the crab waste-straw silage Table 7 . Visual scoring of the carcasses, cooking and taste evaluation of beef fed three levels of crab waste-straw silage when 50% silage was fed rather than 100% may indicate a complementary effect when silage was fed with the basal diet.
Nitrogen Utilization. Nitrogen intake increased linearly with increased levels of crab waste-straw silage in the diets (Table 3) . Fecal, urinary, and total N excretion increased linearly ( P < .01) with level of crab waste-straw silage, a reflection, at least partly, of N intake. Van Soest (1982) stated that when the requirement for N is met, additional dietary N increases urinary N output. Nitrogen retention, expressed as grams per day, increased linearly ( P < .05) with level of crab waste-straw silage. These values are in agreement with those reported by Abazinge et al. (1994a) . Tagari et al. (1964) reported that high N intake is accompanied by lowered efficiency of N utilization. In the present study, however, N retention, expressed as percentage of intake or absorbed, was similar among the sheep fed diets with different levels of crab waste-straw silage.
Ruminal and Blood Variables. Blood urea N and ruminal pH and NH 3 N increased linearly ( P < .01) with increased amounts of crab waste-straw silage fed ( Table 4 ). The higher ruminal pH in the sheep fed crab waste-straw silage probably indicates the buffering effect of CaCO 3 , which is high in shellfish waste (Cantor, 1980) . The higher levels of ruminal NH 3 N in sheep fed crab waste-straw silage, a reflection of N intake, also contributed to the ruminal pH. Abazinge et al. (1994a) reported higher ruminal pH, ruminal NH 3 N, and blood urea N for sheep fed crab wastestraw silage. The level of blood urea N is relatively proportional to the concentration of ruminal NH 3 (Preston et al., 1965) . Total VFA and acetic acid concentrations were highest (quadratic effect, P < .05) for sheep fed 50% crab waste-straw silage (Table 4) . Propionic acid tended to be lowest for animals fed the 50% crab waste-straw silage diet. Isovaleric acid decreased linearly ( P < .01) with increased level of crab wastestraw silage.
Mineral Utilization. Intake of all the minerals increased (linear effect, P < .01) with level of crab waste-straw silage in the diet (Table 5) . Fecal excretion of Ca, P, Mg, Na, Cu, Zn, and Fe increased linearly ( P < .01) with level of crab waste-straw silage, perhaps due to increased intakes with level of silage. Urinary excretion for Mg, Na, and K increased linearly ( P < .01) with level of crab waste-straw silage. Increased fecal Mg excretion in sheep was accompanied by a decrease in urinary Mg excretion (Newton et al., 1972) . Apparent absorption and retention were negative for Ca, Cu, Zn, and Fe for animals receiving the control diet. However, large increases ( P < .05) in absorption and retention for Ca, P, Na, K, and Cu were observed with increasing levels of crab waste-straw silage. Perhaps the levels of these minerals in the basal diet were below the dietary requirements for these animals. Apparent absorption and retention of Zn were negative for all treatments. However, lowest absorption was for the animals fed 100% crab waste-straw silage. Underwood (1977) reported that high dietary Ca depresses Zn absorption. The high Ca intake (34.6 g/d) of animals fed 100% crab waste-straw silage may have interfered with Zn absorption. Negative effects of Fe and Cu on Zn metabolism have been reported (Gipp et al., 1974) .
Steer Performance. Initially, steers receiving 0 and 15% crab waste-straw silage showed higher daily gains than steers fed 26% crab waste-straw silage. Beginning at d 56, steers fed 26% crab waste-straw silage showed higher daily gains (linear effect, P < .05, 42 to 56 d), which persisted through the remainder of the trial (data not shown), but differences were not always significant. Overall, daily gain tended to be higher (linear effect, P < .15) for steers receiving 26% crab waste-straw silage (Table 6) . Brundage (1986) reported a reduction in daily gain in steers fed 7.5 to 22.5% tanner crab meal. However, Patton et al. (1975) observed no reduction in weight gains but improved feed efficiency for steers fed a diet containing 10 or 20% crab meal. Abazinge (1986) reported higher DM intake and rate of gain with steers fed diets containing 25% fish waste-straw silage than with those fed 50% fish waste-straw silage (DM basis). The values for DM intake were lower for steers fed fish waste-straw silage than for the control group; however, daily gain was similar for the control steers and those fed 25% fish waste-straw silage.
Carcass weight was highest (linear effect, P < .05) for steers fed 26% crab waste-straw silage, a reflection of the heavier BW. Average values for marbling, quality grade, dressing percentage, and longissimus muscle areas tended to be higher for steers fed 26% crab waste-straw silage, but differences were not significant. The kidney-pelvic-heart fat was highest (quadratic effect, P < .05) for steers receiving 15% crab waste-straw silage. There were no significant differences for backfat and yield grade.
External fat was not as firm (linear effect, P < .05) in carcasses of steers fed 26% crab waste-straw silage (Table 7 ). The color of fat and lean was similar for carcasses of steers receiving the different diets.
No off-flavors were detected in the meat. Flavor and juiciness of roasts were not adversely affected by feeding crab waste-straw silage. Feeding up to 26% fish waste-straw silage to finishing steers did not adversely affect taste of the meat (Abazinge, 1986) . Luscombe (1973) reported good-quality carcasses free of any taint in pigs fed fish silage. Parkhurst et al. (1944) did not observe any off-flavors in meat obtained from chickens fed crab meal diets. Watkins et al. (1982) reported that feeding crustacean waste to minks did not affect the pelt color or quality of mink carcasses. St. Angelo et al. (1988) showed that the use of N-carboxymethyl ( a derivative of chitin from crab shell) inhibited hexanal and 2-thiobarbituric acids, which are the main constituents responsible for the off-flavors in meat.
Implications
The digestibility of organic matter and energy of crab waste-straw silage approaches 50%; hence, this kind of silage can be fed to beef cattle, the level depending on the production level of the cattle. Apparently, crab waste-straw silage can supply a large portion of the minerals needed by ruminants. Good performance can be obtained in cattle fed this
